Background: Globally, healthcare systems are attempting to optimize quality of care. This challenge has resulted in the development of implementation science or knowledge translation (KT) and the resulting need to build capacity in both the science and practice of KT.
Introduction
Globally, health systems fail to optimally use evidence with resulting inefficiencies and reduced quantity and quality of life [1] [2] [3] [4] [5] [6] . Recognition of this challenge has created interest in knowledge translation (KT) or implementation science. This growing emphasis on KT has led to the establishment of an interdisciplinary field of KT research and the need to enhance capacity in KT to meet the demand.
Similar to the situation in other countries, we have a shortage of people trained in the science and practice of KT in Canada. To respond to this challenge, we are developing a national training initiative (funded by the Canadian Institutes of Health Research, or CIHR, from 2009 through 2015) including colleagues from eight universities. It was established to enhance capacity in the science and practice of KT by:
1. Providing innovative training centres and laboratories for trainees from various research disciplines (including clinical epidemiology, health services research, social sciences, engineering, and health informatics, and from different professions including medicine, nursing, engineering, and psychology) to develop skills in KT and KT research.
2. Linking trainees and mentors to collaboratively advance the science and practice of KT.
3. Partnering with other national and international research groups to promote KT research and training of well-rounded trainees across a range of settings, and clinical and health system issues.
In our literature search to identify KT training initiatives, we were unable to identify any national KT training strategies that we could model. To develop our strategy, we considered the need to advance both the science and practice of KT and decided that to enhance capacity we should focus training on three streams: Stream 1 includes graduate (MSc and PhD) and advanced (postdoctoral) training in the science and practice of KT; Stream 2 includes training in the basic principles of the science and practice of KT for researchers from other areas such as basic science and health services research; and Stream 3 includes basic training in the practice of KT for any knowledge users interested in enhancing their knowledge and skills for practicing KT.
The KT Training Streams
Several educational theories and principles can guide the development of an educational program. Common elements that form the basis of our program include the assessment of learning needs, facilitation of social interaction between learners, and provision of opportunities to practice new skills [7] . People have different learning styles, and inclusion of a range of teaching techniques are used to meet these needs including active learning through small group work, interactive discussions (seminars and asynchronous discussions), and brief didactic sessions [8] . Elements of cognitive learning theory influence the program development of Stream 1, particularly the use of mentorship to support learners [7] . Adult learning theory influences all streams, assuming that learners have acquired knowledge, are motivated to learning material relevant to their needs and are self-directed.
Two frameworks guide our training curriculum: the Medical Research Council (MRC) Framework for Complex Interventions and the Knowledge to Action loop [9, 10] . Our ultimate goal is to improve the quality of care through the development and evaluation of KT interventions in real world settings to provide practical guidance to healthcare stakeholders (including clinicians, patients, policy makers, and managers) about optimal KT strategies. The UK MRC Framework for Complex Interventions [9] extends from contextual assessment and development of the theoretical basis for an intervention through to development, evaluation and cost-effectiveness of an intervention, and to evaluation of its sustainability. This framework was used to identify the core competencies for Stream 1 trainees that are described below. The second framework that informs the training curriculum and development of the core competencies is the Knowledge to Action loop developed by Graham et al. [10] (Figure 1 ). It highlights processes relating to knowledge creation, distillation, and use. This framework may be particularly helpful to strategies targeting clinicians, patients, citizens, and managers, but may be less helpful for strategies targeting policy makers because many policy maker targeted interventions may focus on facilitating access to research in a timely fashion rather than supporting behavior change.
Stream 1 training
This stream focuses on the science and practice of KT including skills in the research methods relevant to the phases of the MRC Framework. The practice of KT focuses on skill development in end-of-grant KT (disseminating research results and engaging stakeholders in using them) and integrated KT (collaborative activities that engage knowledge users to ensure that the research is relevant to and used by the knowledge users).
The core competencies for Stream 1 trainees are based on the MRC and KTA Frameworks and include: knowledge and understanding of models and theories of KT and KT research; capacity to conduct syntheses to address KT questions, specifically reviews of complex interventions which may include consideration of qualitative and quantitative research; capacity in multiple research methods including qualitative methods to examine the determinants of knowledge use across different settings and stakeholder groups; and capacity to design and evaluate the impact, effectiveness, and sustainability of KT strategies in different settings.
Overarching each of these competencies is the need to develop skills in engaging relevant stakeholders (including the public, healthcare providers, managers, and policy makers) to facilitate an integrated KT approach.
Each of these competencies (Table 1) is addressed through a variety of educational initiatives including modular courses, a national seminar series, an annual Summer Institute, yearly research meetings, and a research practicum if desired by the trainee. (Table 1) We are exploiting technology to ensure national accessibility of these educational activities.
Courses in systematic reviews of complex interventions and in pragmatic trials of KT interventions are available online and in person (Table 2) . Similarly, we have developed courses in end-of-grant KT to help trainees as they prepare grants.
A monthly e-seminar series (topics in (Table 4) . These Institutes include didactic and active learning with small group work focused on an assigned KT project and exposure to mentors. Trainees also present their research in progress during facilitated poster sessions to gain skills in presentation. To date, trainees have been involved with three publications [12] . They have also been involved with preparation of collaborative, multisite grants (Tables 5, 6 and 7) . Similarly, trainees have worked together on education modules and presentations; e.g., two trainees presented at a recent Cochrane meeting to outline the methodological challenges in doing reviews of qualitative literature and subsequently submitted a grant on this topic. Trainees have developed collaborations in other projects including a community of practice [11] that has received funding to host meetings to develop this community.
Graduate students are expected to do a KT-focused thesis that may include supervision from mentors at more than one participating institution. Graduate students and fellows from disciplines including clinical epidemiology, informatics, nursing, medicine, psychology, health policy, business, computer science, and engineering amongst others are brought together through this program and encouraged to work together. More than 60 faculty members from across Canada are involved with the training initiative and are available to provide mentorship. All of the faculty hold CIHR grants as principal investigators for KT research projects. New trainees meet with the Program Director to explore their interests and goals. This discussion is used to identify potential mentors if the trainee does not have one. During the Summer Institute, opportunities to meet with the potential mentors are available. These opportunities include a 'speed mentoring' session on the first day that invites the trainees to meet with multiple potential mentors during 15-minute sessions. These sessions are focused on identifying if there is interest in exploring a mentoring relationship. Trainees also have the opportunity to meet with other mentees who work with that mentor to determine if it might be a good fit. Longer meeting sessions are then available on the second day of the Summer Institute to facilitate mentorship. Our mentorship approach is based on the results of three systematic reviews of mentorship and a large qualitative study of mentorship that we completed [13] [14] [15] . For example, we found that assigning mentors can lead to a superficial or artificial relationship, and instead it is 
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Straus preferred that mentees are given a list of potential mentors and provided with opportunities to meet with each. Each Stream 1 trainee is expected to complete an annual learning profile and objectives, which are reviewed with their primary mentors. A summary is reviewed with the trainee and the Program Director during a yearly interview to discuss progress and concerns. The mentors and Program Director work together to create sustainable momentum in supporting KT research careers, to provide trainees with skills for lifelong success and collaboration, and to foster an attitude of lifelong learning.
Eligible applicants for Stream 1 include trainees enrolled in a graduate program or fellowship with a focus on KT. We encourage applicants from across Canada. Each application is independently reviewed by two KT researchers using a standard scale used by the CIHR review panels. Candidates with the highest scores are offered a stipend and the opportunity to participate in the training activities described above. Details of the application process are provided in Additional File 1. We open the Summer Institute to trainees who do not receive Stream 1 funding and use a similar application process to that described above.
Stream 2 training
Training in the principles of KT is available for researchers and trainees from other fields using distance-learning technologies. The core competencies for this stream include training in both end-of-grant KT and integrated KT. A one-day, in-person session on end-of-grant KT is available and we are currently working to make this available online. We have also implemented a modular, integrated KT course, reflecting the knowledge to action loop. This course has been offered to a number of groups; for example, we have developed a partnership with the Michael Smith Foundation for Health Research (a funding agency responsible for healthcare research in British Columbia) and the Vancouver Coastal Health Research Institute (an organization involving seven hospitals and various research programs) to provide a number of courses and have recently submitted a grant to evaluate impact over two years. Modules on end-of-grant KT and integrated KT are also available for online completion (http://ktclearinghouse.ca/). The KT handbook, entitled 'Knowledge Translation in Healthcare' [16] provides the basis for courses developed for this stream.
Stream 3 training
Stream 3 targets decision makers (including clinicians, healthcare managers, and policy makers) who want to know more about what KT is and how to do it in their own setting. Two courses are available to focus on the core competency of how to implement a KT project in their organisation: a brief introductory session providing an overview of KT and a modular course that including the basics of KT, and an opportunity for participants to apply them directly to a project in their own setting. This latter course has been held on two occasions including colleagues from 16 teams. Topics include: what is KT, how can I do KT in my own setting, and how do I implement, monitor and sustain KT strategies in my own setting?
Faculty Development
Mentorship is a key component of this initiative and while the key mentors have extensive mentorship expertise, ongoing faculty development will be available for mentors and Stream 1 trainees. A mentorship program and tools have been developed based on our research including several systematic reviews on this topic [13] [14] [15] . Mentorship tools (e.g., individual development plans, interactive case discussions) have been used at sessions including the Summer Institutes and will be evaluated in this training initiative. We are also completing a series of interviews with expert mentors to provide strategies and tactics for effective mentorship and these are available online. Our work is aimed to give trainees the skills and professional training that will allow them to become leaders in KT and KT research and to mentor future generations of researchers.
Evaluation of the KT Canada Training Initiative
Ensuring that this training initiative meets its objectives will require a multicomponent process. Core measures will include: number of trainees in each of the three streams (and their discipline); numbers of publications, research presentations, grants, honours, programs developed and implemented by trainees, impact of research, and engagement with relevant stakeholders; and number of KT researchers recruited and retained. Summative evaluation will include surveying participants from all three streams about their perceptions and experiences with this initiative and its effect on employment, position, and their practice of KT; and, surveying team members about their experiences and perceptions of the initiative. In a formative evaluation strategy, each year a sample of trainees from each of the three streams will be invited to participate in a semi-structured interview to explore their experiences with the initiative, their perceptions of effective/ineffective components and to propose revisions to the training program. The results of these evaluations will be used to continuously refine and improve this initiative. This collaboration is currently in the planning phase, and the KT Canada steering committee is exploring other possible opportunities with members of the scientific advisory and other interested international KT leaders
Costs of the Program
This program is funded by the CIHR ($1.7 million over six years) and two-thirds of the funding must be used for student stipends. We have obtained additional grant support to provide activities such as the Summer Institute. We are actively seeking partnerships to sustain and grow the program. For example, we have a partnership with the British Medical Journal to fund fellows interested in KT and health informatics and are exploring similar partnerships with other interested stakeholders including provincial funding agencies. Strengths of this initiative include unique linkages with relevant stakeholder audiences and the tremendous breadth and depth of expertise of the members in KT and KT research. These linkages will facilitate sustainability of the training. Furthermore, sustainability will be enhanced through offering courses to our collaborators from decision-maker organisations as well as to our colleagues from other training and research initiatives. Ultimately through this initiative, we hope to meet the capacity demand for KT researchers and practitioners in Canada that will lead to improved care and a strengthened healthcare system.
Additional material
Additional file 1: STIHR Application Process. Here we describe the process by which students apply to the different training opportunities. Included are: the application requirements, the instructions for reference letters, and the review criteria.
